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ABSTRACT

Eight trials were conducted to evaluate the protein quality of
Pseudomonas No. 5401, Cellulomonas sp., Cellulomonas sp-Alcaligenes
fecalis and Candida sp. (Gulf "Bipro" yeast) when fed to chicks.
The metabolizable energy value of Bipro yeast and Cellulomonas
sp-Alcaligenes fecalis was also determined.
Four preliminary trials were conducted to determine net protein
utilization of Pseudomonas or Cellulomonas sp. protein and to determine
the effect of insonation, homogenization or autoclaving on the protein
value of these materials as measured by nitrogen solubility on chick
growth.

Results indicated that the protein from these materials was not

satisfactory in supporting chick growth and was not substantially im
proved by any of the treatments used.
The metabolizable energy of Gulf "Bipro" yeast was found to be
2,664 kcal per kg. and that of L.S.U. single cell protein (Cellulomonas
sp.-Alcaligenes fecalis was 2,072 kcal per kg.
The digestibility of the amino acids in Gulf "Bipro" yeast and L.S.U.
single cell protein was determined and found to be 95.5 ± 1.18% for Gulf
"Bipro" yeast and 79.13 ± 5.38% for L.S.U. single cell protein.

Both

proteins contained substantial amount of non-protein nitrogen as deter
mined by comparing crude protein analysis with the amino acid analysis.
Chicks receiving Bipro diets with added essential amino acids as the
sole source of protein, grew poorly as compared to chicks receiving a
soybean protein diet.

Growth was improved by supplementation with a com

bination of methionine and arginine as compared to arginine alone.

vi

Results of these trials suggested that Gulf "Bipro" yeast should
be a satisfactory ingredient in poultry rations when properly supplemen
ted.

L.S.U. single cell protein because of its low energy and high pro

portion of non-protein nitrogen appeared less promising as a source of
protein for poultry diets.

INTRODUCTION

Protein deficiency in the world is a fact, especially in the deve
loping regions of the world.
Agricultural workers in the developing regions are trying to in
crease the production of vegetable proteins by opening new land, diver
ting cereal grain land, using fertilizers, pesticides and other improved
practices.

Due to the faster growth in population, international food

specialists feel pessimistic in meeting their future goals by means of
traditional agriculture.

However, if these regions manage to meet the

minimum protein requirement from vegetable proteins, hunger resulting
from poor protein quality will continue to exist.

Consequently, govern

ments from those regions are placing emphasis on increasing production
from fish, pigs and poultry.
At present those regions are compelled to import protein concen
trates with the loss of hard cash which is needed for their agricultural
expansion.

This causes animal products to be too expensive and out of

reach of the lower income groups.
Protein from microorganisms has caught the eye of many scientists,
because microorganisms grow faster per unit area than agricultural pro
ducts, have good protein quality, and could save foreign exchange.

Due

to its unpalatable nature to humans, most of this protein has been chan
neled to the feeding of poultry and swine.
In the developed regions, protein from microorganisms has been of
interest, because it increases the original value of agricultural and
petroleum by-products and offers the possibility of reclamation of waste
from city waste products.

Also, it is a good source of lysine and can
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replace fish meal when prices are high.
The objective of this dissertation was to evaluate the protein
quality value of single cell proteins, namely Pseudomonas No. 5401,
Cellulomonas, Cellulomonas-Alcaligenes fecalis and Gulf "Bipro" yeast
(Candida Spp.) when fed to chicks.

The metabolizable energy value of

Gulf "Bipro" yeast and Cellulomonas-Alcaligenes fecalis would be deter
mined also.

LITERATURE REVIEW

Hunger in the world had been prophesied by Rev. Thomas R. Maithus
in 1798 when he wrote the "Essay on Population".

In essence, his theory

was summarized in the book written by Glass (1953) as follows:

(1) That

population grows geometrically while food resources increase arithmetically.
Consequently, population would soon outstrip the means of feeding it, if
it were not kept down by checks such as disease, war, vice, immigration
and self moral restraint.

(2) If there is no self restraint in a society,

population will increase until the poorest class will have just enough
to support life.

(3) Where self restraint acts, each class will grow

until it reaches the point at which it begins to exercise that restraint.
Checks such as disease and wars kept world population down under
one billion inhabitants until 1850.

Bhattacharjee (1971) reported that

from 1850 to 1930 population doubled and again will be doubled by 1975.
Ever since 1850, Maithus' geometric progression has become a reality, and
its cause has been due to the revolution in medicine.

Up to the 1940's

the agricultural revolution had maintained an equilibrium in the world
between food supply and population growth.

In 1968, FAO estimated that

people living in the developed regions, Latin America and the Near East re
ceived above 100 percent of the calories and protein requirement but those
in Africa and the Far East were below this level.

These values are

averages for a region and do not consider maldistribution among the
individual members of the population.
Concerning protein quality, the developed regions were obtaining
close to 50 percent animal protein as a percentage of total protein,
while Latin America, the Near East, Africa and the Far East received
38, 20, 19 and 15 percent, respectively.
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It has been estimated that by the year 2000, world population will
be close to 6.5 billion, so agricultural production will have to be
doubled.

In the developing regions, scientists are trying to increase

the traditional agricultural production, and new land is being opened.
But their governments feel pessimistic in meeting the future goals of
increasing agricultural production, so they are diverting their emphasis
toward family planning.
Inferior protein quality is a problem which the world population
will have to accept for a long time.

The nutritional disease, "Kwashiorkor",

caused by the consumption of cereals which are low in lysine, is one ex
ample of the effect of inferior protein quality in the diet.

In order

to correct the above problem research workers in the developed countries
have been studying new sources of protein.

Microorganisms, better known

as single cell proteins, were chosen to supplement agricultural production
because of two main factors:

(1) fast growth on a limited area of land

and (2) efficient digestion of carbonaceous wastes.
In general their yields are about 10 times higher than those from
conventional crops.

Fencl (1969) reported that one worker in a torula

plant produces about 50 metric tons of dry protein per year, while a
dairy worker, attending 30 cows producing an average of 10 liters of
milk per cow per day, will produce 6 metric tons of dry protein for the
same period of time.

Dabbah (1970) indicated that a steer weighing

1000 pounds will produce one pound of protein per day, while 1000 pounds
of bacteria will produce

1 0 ^ pounds of protein per day.

Casey and

Lubitz (1963) calculated that an acre of soybeans yielded 0.25 tons of
protein per year, while one acre of mass cultured algae gave 20 tons of
protein in the same time.
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Microorganisms can digest very efficiently non proteinaceous carbon
compounds, cellulose, petroleum and agricultural by products into pro
teinaceous compounds which are edible for monogastric animals.

Algae
Algae are divided into two groups, fresh water algae and marine
algae.

The latter has been utilized for centuries for human consumption

more than the former.

However, recently more scientific emphasis has

been paid to fresh water algae as in the case of Chlorella and Scenedesmus
because:

(1) Chlorella as reported by Casey and Lubitz (1963) can convert

carbon dioxide into oxygen, utilize waste products and produce rich pro
tein for the astronauts during space travels, and (2) Scenedesmus and
Chlorella can be utilized for sewage and waste treatment as reported by
Cook (1962).
Dabbah (1970) gave the composition of freeze-dried Chlorella as
containing 56 percent crude protein and 7.5 percent crude fat.

Eny

(1949) , Fowden (1952) and Schieler et al^. (1953) reported, that methionine
was the most limiting amino acid in algae, and that deficiencies of
arginine, glycine and threonine might also exist for the chick.

Prosky

et al. (1960) reported that methionine, lysine, tryptophan and histidine
might be deficient in algae for the growing rat and chick.

Lubitz (1963)

reported a protein efficiency ratio (PER) of 1.66 for Chlorella pyrenoidosa, 2.20 for Chlorella plus methionine and 2.50 for casein in weanling
rats.

Leveille et al. (1962) proposed that methionine and glycine were

the most limiting amino acids in algae for chicks and methionine and
histidine for weanling rats.

Combs (1952), in a chick feeding trial,

found that inclusion of 10 percent Chlorella in the basal diet instead
of an equal amount of soybean meal resulted in a marked improvement in

feed conversion and growth.

Hintz et al. (1966) on a 10-day feeding trial

with growing pigs reported a 66 percent protein digestibility for sewagegrown algae (Chlorella-Scenedesmus obliquus and S. quadricuada) versus
71 percent for meat and bone meal. Also he found that sewage grown
algae was equivalent in growth and feed efficiency to meat and bone meal
in growing-finishing pigs.

Bacteria
Lipinsky and Litchfield (1970) stated that bacteria can double
in number every 20 to 30 minutes, yeast every 2 to 3 hours and algae
every 16 hours or more-

Also these workers mentioned that the protein

content of bacteria was higher and richer in methionine, lysine and
tryptophan than that of algae or yeast.

Dabbah (1970) reported that the

percent protein in bacteria varied from

47 to 87 percent, which is higher

than that of yeast, fungi or algae.

Also he indicated that most bacteria

utilized at present are for the industrial production of glutamic acid,
fatty acids, waxes, fats, salicylic acid and dipicolic acid.
The

production of most single cell proteins from bacteria today

is in the experimental stage using small pilot plants.

Bacteria are

mainly utilized in the dewaxing of fuel oil and the digestion of pure
paraffins (n-alkanes), methane, natural gas and cellulose.
The Chia Yee Solvent Works of the Chinese Petroleum Corp., Chia Yi,
Taiwan utilized Pseudomonas No. 5401 in the dewaxing of fuel oil.
Yu (1968) using a small number

Ko and

of animals found no ill effects when

Pseudomonas No. 5401 was fed in place of soybean in mice, pigs and
chickens.

In conI rust, Yang (1970) in a ten day trial wi Mi weanling

rats found a growth depression at levels of 10, 20 and 30 percent of
Pseudomonas No. 5401 in the diet.

At the 40 percent level all the rats
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died by the 9th day of the experiment.
Lipinsky and Litchfield (1970) mentioned that Esso Research and
Engineering Co., in conjunction with Nestle are growing bacteria and
yeast which digest paraffins (99 percent pure n-alkanes). Shell's
research center at Sittingbourne, Kent, England is studying the produc
tion of a bacteria which can utilize methane efficiently.

Also the

Northern Natural Gas Co., U.S.A. is building a plant which will produce
20 million pounds of bacterial protein a year from natural gas by 1975.
They mentioned no reports on the biological value of products from these
three enterprizes.
Han and Srinivasan (1968) at Louisiana State University reported
the isolation of a bacteria of the genus Cellulomonas which could de
compose up to 90 percent of a previously alkali and heat treated sugar
cane bagasse within 5 days.

Yang (1968) showed no toxic effect at a

level of 40 percent Cellulomonas in a 10 day trial on weanling rats.
Increasing levels from 10 to 40 percent Cellulomonas in the diet resulted
in an increase in growth rate and food consumption but growth rate was
still lower than that of rats receiving a 10 percent casein diet.

An

addition of 0.3 percent L-methionine to the 10 percent Cellulomonas ration,
resulted in an increase in growth rate and feed consumption.

Dunlap et

al. (1970) working at the L.S.U. pilot plant found that Cellulomonas and
a symbiotic organism Alcaligenes fecaelis showed much higher production
capabilities than Cellulomonas by itself.
Roberts (1953) selected and cultured a strain of Escherichia coli
from calf scours.

The cultured organism was heat killed, and added to a

basal diet at a 5 percent level.

A four week chick feeding trial pro

duced the same growth as the control group even though the endotoxins
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were not removed.

Lipinsky and Litchfield (1970) stated that one of

the disadvantages of bacteria is that, even if the bacteria selected is
not pathogenic, it could mate with a pathogenic bacteria to produce
hybrids which could be pathogenic.

Yeast
Brewers yeast has been the most widely used single cell protein
for both human and animals.

It has been known to man since the Baby

lonian times for the production of bread, wine and beer.

Bhattacharjee

(1971) stated that yeast for nutritional purposes was used in Germany
during both World Wars.
Today the most common yeasts used as feed and food are Brewers'
dried yeast (Saccharomyces cervisae) and torula yeast (Candida utilis).
Ringrose (1949), in a six week feeding trial with chicks, found that
torula yeast gave a growth response of 79 percent of that of chicks re
ceiving soybean meal, while those onbrewers' dried yeast grew 87 per
cent as well as those receiving soybean meal.

He suggested that poor

growth of chicks receiving the yeast diet was probably due to the lower
true protein content.

Furthermore he indicated that the non-protein

nitrogen content of soybean meal, brewers' yeast and torula yeast was 5
to 8 percent, 13 to 18 percent and 18 to 20 percent of the total nitrogen
respectively.

Also, he found in another experiment that pressure

necrosis, "balling" of the beak, developed in rations containing 29
percent torula yeast. This resulted

in a lowered feed intake and con

sequently less growth was achieved.

In order to prevent necrosis of

the beak he recommended that rations containing above 12 percent torula
yeast should be pelleted.
al. (1958).

Similar findings wore reported by Gitler et^
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Gitler et al. (1958) reported a doubling in growth rate of four week
old chicks when the torula and brewers' dried yeast diets were supple
mented with 0.3 percent DL-methionine.

Inclusion of 0.5 percent arginine

in addition to methionine in both yeast diets also caused a further in
crease in growth.

Variable response was found to the addition of glycine

and tryptophan.
Lipinsky and Litchfield (1970) indicated that brewers yeast has a
disadvantage of not utilizing pentoses, lactose and hydrocarbons. Torula
yeast can utilize pentoses from the sulfite waste liquor of the paper
and pulp industry.

Saccharomyces fragilis, on the other hand was found

to be useful in the digestion of lactose from cheese whey.
Champagnat ert al. (1963) in 1957 formed a microbiological research
organization at Lavera, France, with the purpose of studying the possi
bility of utilizing microorganisms for the treatment of petroleum, frac
tions.

Many microorganisms were found to grow on the hydrocarbons and a

few were selected on the basis of yield and other factors.

Later it was

found that Candida intermedia dewaxed the petroleum fraction making the
gas oil good for use in cold weather.

Wax crystallizes in cold weather

and petroleum products containing wax have a low pour-point value.

The

microbe product contained 44 percent crude protein, 19 percent crude fat
and was rich in amino acids, especially lysine.

Also he indicated that

the product was as high in the water soluble vitamins as dry brewers
yeast.

Champagnat (1967) reported the association of the British

petroleum Co., with the Society of French Petroleum in 1959.

In 1963

a large fermenter was build at Lavera which was dedicated to the dewaxinu process of gas oil, and t.lio British group set up a reseat cti and
development center at Grangemouth, Scotland.

At Livcrna they found l.hal
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the middle distillate fractions, kerosene and gas oils between the
boiling range of 2000 - 400°C are the most favorable products for
fermentation.

The yield per ton of crude oil averaged 12 to 15 kg of

pure protein.

Another process by which pure paraffins were used as a

substrate gave a yield of 0.48 kg of proteins from 1 kg of normal paraffin
consumed.

A seventeen week feeding trial was carried out on 100 pigs

in which 5 percent of the fish meal was replaced by British Petroleum
Protein Concentrate (B. P. yeast) .

Results showed weight gains and feed

efficiency equal to the fish meal ration.

Laine from Lavera, France

indicated that Grimmer, an independent expert from Germany, determined
the known carcinogenic compounds present in B. P. yeast and found their
occurrence between 1/2 and l/10th of the infinitesimal dose usually
present in a typical commercial yeast.

Shacklady (1969a) from the Re

search and Development Dept., British Petroleum Co., reported that the
plant at Grangemouth, Scotland was built for the utilization of pure
normal paraffins by B- P. yeast.

Proximate analysis showed that yeast

grown in n-paraffins yielded 63 percent crude protein and 8 to 10 percent
fat.

The same yeast grown at Laverna, France from gas oil substrate

contained 67 percent crude protein but only 1 to 2 percent fat.

The

difference in protein content was due to the use of the solvent extraction
in the removal of unmetabolizable gas oil which also caused the removal
of fat.

Also he indicated that the Net Protein Utilization in rats was

determined on 48 random samples from different process conditions and
resulted in a mean of 41 with a range from 20 to 57.

When 0.3 percent

DL-methionine was added to the diet the mean increased to 74 with a
range from 40 to 92.

Over 400 six week toxicity studies with i.its using

a level of 40 percent yeast in the diet, have been performed in quality
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control.

During the early stages of development these trials showed a

growth depression accompanied by a non-specific liver enlargement which
they found to be due to processing conditions.

After adjusting their

processing conditions, no toxic effects have been found in these short
trials.
Shacklady (1969b, c) reported that the Institute for Agricultural
Research in Biochemical Products at Wageningen, Holland was selected as
an independent organization to obtain endorsement of the yeast product
by government officials.

The purpose was to test the value of B. P.

Protein concentrate (B. P. yeast) as a major source of protein in rations
for pigs and poultry over a long period.

The yeast supplied was derived

by solvent extraction from gas oil substrate and contained 65 to 67
percent crude protein.

Using levels of 15 and 30 percent B. P. yeast in

chicks they showed a nitrogen digestibility of 80 percent and a meta
bolizable energy of 2550 kcal/kg.

In another experiment using n-paraffin

grown yeast they obtained a nitrogen digestibility of 77 percent for
chicks and 86.5 percent for pigs.
categories:

Later experiments fell into three

short term, medium term and long term effects.

In the short

term experiments, yeast grown in gas oil and on n-paraffins was included
in the ration of day old chicks at 0, 7.5, 10 and 15 percent of the diet
and replicated three times.

At the end of five weeks no significant

differences in growth rate were found even though a 3 percent growth
reduction resulted from feeding both yeasts at the 15 percent level.

A

significant difference in feed efficiency resulted when the 15 percent
gas oil grown yeast was fed.

Low mortality rates were observed at the

end of the five week trial.
In a growing and finishing trial using 10 replications of 10 pigs
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each in which 2.5 percent each of fish meal and soybean meal was replaced
by 5 percent n-paraffin grown yeast yielded results in which there was
no significant difference between the control and substituted level in
gain, feed efficiency, health, carcass quality and taste of meat.
In the long term study 0, 10 and 20 percent levels of B. P. yeast
concentrate grown on gas oil were fed to individually caged hens.

Each

treatment was replicated 12 times and each replicate contained 16 hens
of the Plymouth Rock strain.

Records over 32 weeks showed 6-9 percent

fewer eggs in the 20 percent yeast group but due to an interaction no
significant difference between both groups in kgs of eggs per 100 hen
days resulted.

Also no statistical significant difference was observed

in mortality rate due to ration composition.

A significant difference

was found in favor of the control when compared to the 20 percent yeast
level in egg weight.

Half of the hens from each treatment were kept and

artifically inseminated with semen from the roosters of the control
group.

The other half were inseminated with semen from the roosters

raised on the 20 percent B. P. yeast.

Percent hatchability of fertile

eggs was equal for all treatments, averaging 87 percent.
from these treatments were raised to five weeks.

Chicks hatched

No significant difference

due to previous hen treatment were found in growth rate, feed conversion
and mortality of the chicks.
no gross histological lesions.

Post mortem examination of the chicks showed
To study generation effect, pure strain

Rhode Island Red pullets and cockerels were reared on the same treatments
previously mentioned, i.e. 10 percent B. P. yeast concentrate and its
control, 20 percent B. P. yeast and its control.

Records showed that

hens receiving the yeast diets came into lay at an earlier age than their
controls.

Egg production for the 10 percent B. P. yeast was 3 percent
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above the control, while in the previous experiment it had been 1.7
percent lower than the control.
percent above its control.

The 20 percent yeast group was 13.7

This difference was primarily due to an

unexplained drop in egg production by the control group during the 8th
month of production.

Feed conversion was 3.4 percent better for the 10

percent yeast diet than its control and there was a highly significant
8.7 percent greater efficiency for the 20 percent yeast than its control.
Roosters from the same treatments were placed with the hens toward the
end of the laying period.

Fertility of eggs was 4 percent lower for the

10 percent yeast group and 6 percent lower for the 20 percent yeast
group than for their control group.

These differences were not statis

tically significant and evidence shows that these differences were due
to the technique in artificial insemination.

Hatchability was unaffected

and chicks were raised for egg production on the same treatments pre
viously explained.

Preliminary results after 4 months of laying for the

10 percent yeast, its control, 20 percent yeast and its control were a
percent egg production of 69.2, 71.1, 69.6 and 67.1 respectively.
The medium term experiment with swine involved the gestation, far
rowing and suckling period.

Extension of these experiments to two

generations constituted the long-term trial.

Thirty two sows were bred,

half were placed on a 10 percent B. P. yeast ration and the rest fed
a farm ration.

Baby pigs from the sows fed 10 percent B. P. yeast were

creep fed with a ration containing 15 percent B. P. yeast.
weeks, pigs were weaned and separated into two groups.

At eigh :

One group r ceived

7.5 percent and the other 15 percent B. P. yeast and were grown to
slaughtering weights.

Results showed no difference between the control

and yeast group in number of pigs per litter, average birth weight and
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weaning

weight.

At the end of the finishing period records showed that

pigs receiving the 15 percent B. P. yeast grew faster and more efficiently
than the control group.

The long-term trial involved breeding back the

offspring boars to the parent sows by artificial insemenation.

The

above procedure was followed and results at birth showed 12.4 pigs
with an average birth weight of 1271 g. for the B. P. yeast concentrate
group versus 11.3 pigs and 1326 g. average weight for the control group.
At weaning the control group was 5 percent heavier than those in the 15
percent B. P. yeast group.

Preliminary results at 10 weeks after weaning

showed close to equal gains and feed efficiency between the control and
7.5 percent B. P. yeast group.

To further study if the products from

poultry and swine could be toxic to humans a subchronic toxicity test
with the eggs from hens fed 20 percent B. P. yeast was conducted on rats.
The eggs were dehydrated and fed at a level of 30 percent of the diet and
compared with eggs from the control diet.

Results showed no difference

in growth rate, food intake, haematology, organ weights and no gross or
histopathological differences between both groups. One pig was fed a
level of 65 percent gas oil grown yeast for 11 weeks and slaughtered at
100 kg. of weight.

An organoleptic test was made by 250 people with a

ham from a control pig and one from the yeast fed pig.

Thirty-three and

six tenths percent of the people did not find any difference, 30.4 per
cent preferred the control ham and 32 percent preferred the ham fromyeast fed pig.
Groot et al_. (1973b) in a one year study on rats indicated no
effect on mortality rate, behavior, gain, food intake, haematological
values and blood biochemistry by dietary levels of 10, 20 and 30 per
cent B. P. yeast grown in n-paraffin.

Also the same conclusion was
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drawn by Groot et al. (1971a) with the use of B. P. yeast grown on gas
oil with the following exception.

Growth was slightly superior on the

yeast group and rats on the 30 percent level had a slight transient
increase in white blood-cell count.
Fencl (1969) summarizing other reports indicated that the high
nucleic acid content in yeast could increase uric acid levels in human
consumers causing gout.

Reduction of nucleic acid in yeast could be

attained by harvesting the yeast at the stationary phase instead of the
exponential.

Bunker (1969) reported that healthy young men tolerated

2 g. yeast nucleic acid per day but 4 g. per day caused a rise in blood
uric acid.

Hence he recommended 20 g. of dry yeast per day for men.

Peckham (1965) in a summary of other works indicated that chickens and
turkeys may suffer from visceral and articular gout.

Some of the factors

causing it are high protein diet, sodium bicarbonate intoxication,
vitamin A deficiency and blue comb disease.
Miller and Johnson (1966) found that a mixed culture of Candida
intermedia and C. lipolytica grew more rapidly on n-paraffins (C ^ to
C 28 n-alkane) than did Candida intermedia.

Harvested cells had a crude

protein content between 34.4 to 47.6 percent and a fat content from 1.9
to 13.4 percent.
Chepigo et al. (1967) reported that yeast grown on rectified liquid
petroleum paraffins in Russia contained 50 to 55 percent crude protein,
1 to 2 percent lipid and 6 to 12 percent nucleic acid.

Hundreds of tons

from this yeast were fed to chickens, ducks, swine, monkeys, fur bearing
animals, horses, sheep and cattle for several generations.

Veterinarians

and nutritionists indicated the product to be harmless and its value
equal to that of sunflower meal.

Medical organizations in biological

16
studies found no carcinogenic or leucogenic effects due to the yeast.
They concluded that humans can safely utilize meat products from animals
which have not been fed in excess of 15 percent yeast.
Feldman (1969) reported the purchase of a fermentation plant by
the Gulf Oil Corporation at Wasco, California for the production of
yeast from hydrocarbons.

In a feeding trial with rats he found a protein

efficiency ratio of 0.75 for Gulf Yeast (Bipro) when compared to casein
as 1.0.

However, when methionine was supplemented to Bipro the PER was

higher than that of casein.

In a six week feeding trial with rats he

also found that a starch-bipro diet when supplemented with methionine
gave a faster

growth than

a corn-soy diet. Waldroup et ad. (1971) in

three broiler

feeding trials, using up to 30 percentBipro, found that

greater than 15 percent Bipro in an all mash diet resulted in poor growth
rate and feed conversion.

When diets were pelleted, up to 25 percent

Bipro did not affect body

weights and feedutilization. The poor growth

in the all mash diet was due to a reduction in feed intake which appears
to be related to the bulky and fluffy nature of Bipro.

Gitler et al.

(1958) indicated that more than 20 percent torula yeast in the chick diet
caused impactation of the beak and resulted in decreased feed consumption
and growth.

Pelleting torula yeast improved the texture of the diet and

allowed complete substitution of soybean meal without reducing growth
rate.

Rodriguez and Thrasher (1971) using individual collection stalls

conducted a digestion trial with barrows weighing approximately 68 kg.
Results showed an average apparent nitrogen digestibility of 92 percent
for Bipro yeast which was significantly superior to 87 percent for the
dehulled soybean meal.
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Protein Quality
Factors resulting in the improvement of protein digestibility of
single cell proteins includes insonation, homogenization, autoclaving,
cooking, solvent extraction, urea extraction, enzyme digestion and
freeze drying.
Tannenbaum and Miller (1967) in a digestibility trial using weanling
rats found that homogenizing and autoclaving (1.06 kg/cm^, 20 min.) fresh
Bacillus megasterium produced a significant improvement in protein di
gestibility, net protein utilization, biological value and an increase in
total body lipids when compared to fresh, autoclaved Bacillus megasterium.
Kaufman et a]L. (1957) using weanling rats found an average digestibility
for Escherichia coli (ATCC 8739) of 80.8, 83.3 and 84.5 when fed in the
form of packed cells, lyophilized cells, insonated (30 min) - lyophilized
cells respectively.

Biological values of 68.7, 66.2 and 70.2 were obtained

for the respective preparations.

These two reports indicate an improve

ment of protein quality is attained by freeze drying and by the use of
a sonifier or homogenizer in disrupting the cell walls of fresh cells.
Cook (1962) in two trials with weanling rats in which sewage grown
algae was fed in the form of dried, autoclaved (1.06 kg/cm^, 30 min.),
cooked at boiling temperature for 30 minutes or cooked for 2 hours had
protein efficiency ratios (PER) of 1.25, 0.67, 1.53 and 1.45 respectively.
Biological values of 54.3, 54.5, 56.0 and 48.7 were obtained for the
respective preparations.

This report indicated that autoclaving caused

a reduction in feed consumption with an accompanying lower PER but had
no effect on protein digestibility, while cooking for 30 minutes improved
both PER and biological value of the single cell protein.

Mitsuda et al.

(1967) studied different extractants in the protein isolation of torula
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yeast, Micrococcus glutamicus and Chlorella sp.

They found the highest

protein recovery was made by the combined method using 8 M of urea, soaking
for 24 hours at 30°C and a pretreatment with IN NaOH for 5 minutes.

In

a rat experiment they fed casein, torula protein, torula protein plus
methionine, urea soaked casein and dried torula cells and found respec
tively a protein digestibility of 97.6,95.8, 94.5, 93.1 and 64.6 percent.

EXPERIMENTAL PROCEDURE
PRELIMINARY TRIALS
Trial 1

The objective of this study was to evaluate two sources of micro
bial proteins (Pseudomonas No. 5401 and Cellulomonas) in promoting growth,
feed conversion and net protein utilization in the chick.

In addition,

it was of interest to determine whether the cell wall of single cell
protein could be physically broken down by the action of grit in the
gizzard.
Fifty Vantress x Dixie day-old chicks were received on December 1,
1968 and placed in battery brooders.

Forty chicks were alloted equally

on the same day on the basis of weight into eight pens and alloted to
four treatments at random.
appears in Table I.

Ration composition describing the treatments

Rations were formulated so that the metabolizable

energy and crude protein were equal in all diets. Since metabolizable
energy was not known for these two single cell proteins it was assumed
that Cellulomonas meal containes 2200 Me Cal. per kg-, similar to that of
Torula yeast; and for Pseudomona meal a value of 2755 ME Cal. per kg.
three protein meals were supplemented with DL-methionine.

All

Pseudomonas

No. 5401 meal was supplied to Dr. s. P. Yang of the L.S.U. Home Economics
Department by the Chinese Petroleum Corp., Taiwan, Republic of China and
Cellulomona was supplied by the Chemical Engineering Department at
L.S.U.
Live weights, feed consumption and date of death losses were recor
ded during the one week trial.

At the end of the experiment, chicks

were slaughtered; carcasses were weighed individually, autoclaved and
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TABLE I
Composition of Diets Used in Preliminary Trial 1

A

Ingredients, g

TREATMENTS
B
C

D

Dextrose

58.40

38.00

56.77

83.40

Corn Oil

2.00

8.80

4 .00

2.00

23.40

---

---

Cellulomonas

---

41.30

---

---

Pseudomonas (77% Prot.)

--

--

27.21

--

Solka floe (wood cellulose)

7.00

3.00

3.00

6.00

Choline chloride, 70%

0.35

0.35

0.35

0.35

Vitamin mix, P^/

0.25

0.25

0.25

0.25

Mineral mix, 2X^/

8.00

8.00

8.00

8.00

DL-methionine

0.60

0.30

0.42

---

100.00

100.00

100.00

Soybean protein (89.8% Prot. )

TOTAL

Mineral Mix, 2X
Ingredients
Per kg. Diet
CaC03
13.24 9*
CaHP04 .2H20
41.66 gNaCl
7.62 gKHCO3
10.24 gMnS04 .H2O
338 mg.
KIO3
1.2 mg.
MgO
1,660 mg .
FeC6H 507
480 mg.
CuS04 .5H20
31 mg.
ZnC03
134 mg.
NaMo04 .2H20
4.5 mg.
Na2Se03
1.5 m g .
Solka Floe
4.590 g-

100.00

^/vitamin Mix, P
Ingredients
Per kg. Diet
Vitamin A
10,000 IU
2,250 ICU
Vitamin D3
Vitamin E
25 IU
2 mg.
Vitamin K
0.88 mg.
Biotin
0.01 mg.
Vitamin B^2
28 mg.
Ca Panthothenate
2.25 mg.
Folic Acid
175 mg.
Niacin
7.5 mg.
Pyridoxine HC1
9 mg.
Riboflavin
5 mg.
Thiamine HC1
62 mg.
Ethoxyqui n

ground to uniform consistency.

Duplicate samples from each carcass

were used to calculate the average nitrogen content per gram of carcass.
Carcass weight for each individual chick was multiplied by its average
nitrogen content per gram, so as to obtain total nitrogen per carcass.
Total body nitrogen per lot was calculated by adding the nitrogen content
of each chick in each lot.

Total nitrogen intake was figured by multi

plying total feed consumed per lot times the nitrogen content of the
particular feed.

These values were substituted in the formula of Miller

and Bender (1955) to obtain the percent net protein utilization.

Trial 2
The purpose of this trial was to determine whether insonation and
insonation time have any effect in breaking the cell wall of Pseudomonas
and also to determine if different concentrations of Pseudomonas cells
in phosphate buffer affect in any way the breakage of cell walls.
Three hundred and sixty grams of Pseudomonas No. 5401 were received
from Dr. S. P. Yang (L. S. U. Home Economics Department) on February 4,
1969.
Eighteen graduated beakers were tared and separated into three
groups of six beakers each.

In the first group, 10 g. of Pseudomonas

bacteria were weighed into each beaker.

In the second group, 20 g. of

bacteria per beaker were used and in the third group, 30 g. of bacteria
per beaker were added.

Phosphate buffer, adjusted to approximately pH 7,

was added to each beaker to a volume of 100 ml., and mixed.
Sonifer "75", with step horn attachment was used.

The Branson

To prevent excess

heat production, while insonating a bucket containing ice was placed
under the Sonifier.

Each beaker from the 1st, 2nd, and 3rd groups was
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assigned at random to an insonation time as follows:
and 25 minutes of insonation.

0, 5, 10, 15, 20

As mentioned above, the first beaker in

each group was used as a control, that is the bacteria were not insonated.
The second beaker, of each group was placed in the ice bucket and the
tip of the probe was summerged below the surface of the liquid approximately
3.8 cm. and the tip had 1.3 cm. clearance from the bottom of the beaker
as suggested by Davidson and Rossett.

The Sonifier was turned on at

maximum output for 5 minutes after first being allowed to warm up.

The

third beaker in each group was sonified for 10 minutes, the fourth beaker
for 15 minutes and the process repeated for the 20 and 25 minute times.
The contents of the beakers were then placed individually in enamel
pans.

The pans were placed half way under the hood sliding door, the

door then lowered so that it came near to the pans.

The hood fan was

then turned on, being careful that splashing of the samples did not
occur during drying.

After all the water was removed, the samples were

ground in a Micro-Wiley mill using a 40 mesh screen.

Later they were

dried in a convection oven set at 110°C, until a constant weight was ob
tained.

Duplicate samples of approximately one gram were weighed in a

tared Erlenmeyer flask.

According to the procedure of Lyman et al.

(1953) one hundred ml. of 0.02 N NaOH and 4 glass beads were added to
each Erlenmeyer flask.

The flasks were placed in a Dubnoff metabolic

shaking incubator and shaken at 37°c for one hour.

The solution was

placed in cellulose nitrate centrifuge tubes and centrifuged at 1085 x G
for 10 minutes.
filter paper.
Kjeldahl flask.

Samples were then filtered through a Whatman No. 42
Fifty ml. of the filtered material were pipetted into a
Two mis. of

were added and the material was

evaporated to a thick viscous state on the digestion rack, after which
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the Kjedahl determination for total nitrogen was carried out as usual.
Nitrogen solubility is expressed as a percentage of the total nitrogen
which is soluble in 0.02 N NaOH.

Trial 3
The purpose of this study was to determine whether insonation,
autoclaving and a combination of both could improve the nitrogen solu
bility of Cellulomonas.
Sixty grams of Cellulomonas were supplied by Dr. Callihan from the
Chemical Engineering Department at L. S. U.
Twelve beakers were tared and to each five grams of Cellulomonas
plus 45 ml. of distilled water were added.

The beakers were separated

into four groups of three beakers per group.
beakers was used as a control.

The first group of three

The second group was assigned to steam

cooking in an autoclave for one hour at 135°C (2.11 kg/cm?).
group was sonified for five minutes but not autoclaved.

The third

The fourth

group was first sonified for five minutes and later placed in the auto
clave for 1 hour at 135°C.
After treatments the samples were lypholized, ground to 40 mesh
in a Wiley mill and left in a desiccator.

Determination of nitrogen

solubility was done according to Lyman et al^. (1953) .

Trial 4
The purpose of this experiment was to examine the effect of homo
genization and heating the homogenized Pseudomonas No. 5401 upon the
performance of chicks.
A five percent (dry weight of Pseudomonas per unit volume) suspen
sion was made in two 15 liter carboys.

The carboys were taken to the
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USDA Southern Regional Laboratories in New Orleans, and the cells were
disrupted in a modified Manton-Gaulen homogenizer.

The homogenized sample

from one carboy was placed in the autoclave and heated for 30 minutes
at 135°C (2.11 kg/cm?).

The autoclaved and non-autoclaved samples were

freeze dried at the Food Science Department, L. S. U.
Fifty Vantress x Dixie day-old chicks were obtained on March 7,
1969.

Forty chicks were alloted equally into eight groups and placed in

a battery brooder.
Four treatments were assigned at random to the eight pen groups,
forming two pen groups per treatment.
containing:

The treatments consisted of diets

(A) soybean protein, (B) Pseudomonas, (C) Homogenized

Pseudomonas, (D) Homogenized heated Pseudomonas.

Rations were balanced

to contain 21 percent crude protein and its composition appears in
Table II.
Feed and water were provided ad libitum for one week at which time
the chicks were weighed and feed consumption recorded.

METABOLIZABLE ENERGY TRIALS
The materials, procedure and calculations of the two 28 day trials
were conducted according to Hill and Anderson (1958).

Trial 1
The aim of this investigation was to obtain the metabolizable energy
value of Gulf "Bipro" yeast (Bipro yeast).
Bipro yeast was supplied to Dr. S. P. Meyers at the Department of
Food Science at L. S. U., by the Gulf Research and Development Company,
Wasco, California.
Forty crossbred commercial day-old chicks wore received on October
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TABLE II
Composition of Diets Used in Preliminary Trial 4

TREATMENTS
B ,C & D -V

Ingredients, g
Dextrose

58.40

56.77

Corn oil

2.00

4.00

Soybean protein (89.8% Prot.)

23.40
27.21

Test protein^
7.00

3.00

Choline chloride

.35

.35

Vitamin mix, P^/

.25

.25

8.00

8.00

.60

.42

100.00

100.00

Solka floe (wood cellulose)

Mineral mix, 2X-V
DL-methionine

1/

Test proteins in Treatment B, C and D were Pseudomonas, Homogenized
Pseudomonas and Homogenized heated Pseudomonas respectively.

2/

Vitamin mix, P is the same as that used in Table I.

3/

Mineral mix, 2x is equal to that used in Table I.

29, 1971.

The chicks were placed in an electrically-heated thermostatically

controlled battery brooder.

Feed and water were provided ad libitum.

For two weeks the chicks were reared on a basal die'. (Table III) . The
basal diet was the same as diet E9 described by Hill and Anderson (1958)
except that it did not contain ground wheat and it contained more than
44 percent dextrose.

At the end of two weeks the chicks were weighed

and divided into four uniform lots of ten chicks each.
chicks were maintained on the basal diet.

Two lots of

The other two lots of chicks

were fed Bipro yeast diet which was made by substituting 40 percent of the
dextrose in the basal diet by Bipro yeast.

Between the 21st to 28th

days of age, daily excreta collections were obtained.
was used as an indirect indicator of feed consumption.
dried daily in a forced-draft oven set at 100°C.

Chromium oxide
The excreta was

The four collections

from each pen were pooled and ground in a Wiley mill using a 20 mesh
screen and stored.

Triplicate one gram samples of diet and excreta from

each pen were used to obtain the gross energy and nitrogen content.
The gross energy was measured in a Parr adiabatic oxygen bomb calorimeter.
The nitrogen content was analyzed by the Macro-Kjeldahl method as out
lined by A.O.A.C. (1955).

One gram samples of diet and excreta in dup

licate were ashed at 600°C for 3 hours.

Sample preparation for chromium

determination was made according to the procedure described in the
Analytical Methods for Atomic Absorption Spectrophotometry by PerkinElmer (1964).

Chromium was analyzed in a Perkin-Elmer 305 atomic ab

sorption spectophotometer.

Trial 2
The objective of this test was to determine the metabolizable energy
value of L. S. U. single cell protein (Cellulomonas-Alcaligenes fecalis).
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L. S. U. single cell protein, (Run 43) was obtained from Dr. C. E.
Dunlap, Department of Chemical Engineering at L. S. U.
Forty crossbred day old chicks hatched at the L. S. U. Poultry
Farm were received on October 5, 1971.

The experimental procedure in

this trial was the same as that of Trial 1.

AMINO ACID DIGESTIBILITY

The goal of this study was to determine the digestibility of the
individual amino acids Candida Sp. (Bipro yeast) and Cellulomonas spp. Alcaligenes fecalis (L. S. U. single cell protein).
The microbial proteins usedin this experiment were fromthe same
batch used for the determination of the metabolizable energy.

The

proximate, calcium, phosphorous and salt analysis of these two samples
appear in Table IV.
Sixteen crossbred day-old chicks hatched at the L. S. U. farm were
placed in an electrically heated battery brooder on December 22, 1971.
For approximately four weeks the chicks were fed a farm starter ration.
The procedure as follows was that recommended by Bragg £t ad. (1969)
with slight modifications.

This procedure involves measuring total feed

consumed of test diets and total collection of excreta with no contami
nation of ferric oxide.

Ferric oxide was used to distinguish between

excreta from the test diet and other diets.

At four weeks of age the

chicks were alloted to individual metabolism cages.

Each cage had two

plastic coated cups from which water and feed were fed ad libitum.
During the first four days, the Bragg and coworkers procedure was used
but the chicks refused to eat the test proteins.
cedure was modified as follows:

Consequently the pro

At random an adaptation ration (Treatment

29

TABLE IV
Proximate Analysis of Single Cell Proteins

Protein

L.S.U.
SCP

Bipro
Yeast

%

%

50.3

53.5

Fat

8.0

4.4

Fiber

1.8

6.9

Moisture

7.4

5.6

Ash

14.2

12.3

NFE

18.3

17.3

Minerals
Ca

0.99

0.03

P

1.47

2.09

NaCl

2.10

0.50

A) was assigned to eight chicks.

The other adaptation ration (Treat

ment B) was given to the other eight chicks.

The adaptation rations

contained 0.3 percent ferric oxide and their composition is shown in
Table V.

The chicks were fed the indicator rations for two days and then

fasted from 11 p.m. to 9 a.m.

A nitrogen free diet (Table V) was fed to

the chicks for six hours after which they were changed back to the adapta
tion indicator treatment rations.

Fecal samples, which were free of red

indicator, from the nitrogen free diet, were collected in enamel pans.
Excreta from each chick was oven dried at 100°C, weighed and stored in
a desiccator.

The chicks were fasted again from 11 p.m. to 10 a.m., and

changed to the test ration treatments (Table VI) for six hours.

In other

words, those chicks which previously received adaptation ration A were
changed to ration treatment A and the same occurred for treatment B.
At the end of six hours the test ration treatments were changed to the
adaptation rations with indicator.

Test diet excreta from each chick

with no red excreta was collected, dried, weighed and stored in a
desiccator.

Feed intake from each chick on the test ration was recorded.

Two hundred milligrams of Bipro yeast and L. S. U. single cell
protein in duplicates were hydrolyzed under vaccum with six milliliters
of 6N HCl at 100°C for 22 hours.

Hydrolyzed samples were rinsed with

0.1N HCl and filtered through a Whatman No. 4 filter paper to remove
humins.

Filtered samples were brought to dryness in a rotary evaporator

to remove excess HCl.

Dried hydrolyzates were dissolved with five mil

liliters of pH 2.2 buffer, rinsed into 50 milliliter volumetric flasks
and brought to volume with pH 2.2 buffer.
Dried excreta from test and nitrogen free diets were ground through
a 60 mesh sieve.

Preparation of these samples for amino acid analysis
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TABLE V
Composition of Adaptation and Nitrogen Free Diets

Ingredients

ADAPT.
A

TREATMENTS
ADAPT.
B

N. FREE

Dextrose

42.4

38.4

78.4

Corn Oil

6.0

5.0

10.0

Soybean meal (49% Prot.)

20.0

20.0

L.S.U., S.C.P. (50.3%Prot.)

20.0

Bipro yeast (53.5% Prot.)

----25.0

Cellulose

3.0

3.0

3.0

Mineral mix, 2X-*-/

8.0

8.0

8.0

Vitamin mix, P^/

.25

.25

.25

Choline chloride

.35

.35

.35

1/

See Table 1 for mineral mix, 2X.

2/

See Table 1 for vitamin mix, P.
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TABLE VI
Composition of test Diets From Amino Acid
Digestability Trial

TREATMENT
Ingredients, g

A

Dextrose

41.4

32.4

Corn oil

5.0

6.0

L.S.U., S.C.P.(50.3% Prot.)

B

45.0

Bipro yeast (53.5% Prot.)

50.0

Solka floe (wood cellulose)
Mineral mix, 2X^/

-

3.0
8.0

8.0

Vitamin mix, P^/

.25

.25

Choline chloride

.35

.35

100.00

100.00

1/

See Table 1 for mineral mix, 2X.

2/

See Table 2 for vitamin mix, P.
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was done as described above with the following exceptions:

(1) Two

hundred milligrams of dried excreta from test diets were hydrolyzed,
purified and brought to volume in 25 milliliter volumetric flasks,
(2) Five hundred milligrams of excreta from nitrogen free diets were
hydrolyzed, purified and brought to volume in 25 milliliter volumetric
flask.
One half milliliter of protein hydrolzate prepared as described
above was injected into both short and long columns of an automatic
amino acid analyzer similar to the Beckman Model 1200.
*

The procedure of sample preparation described above, operation of
amino acid analyzer and interpretation of calculations is described in
the instruction manual Model 1200 Amino Acid Analyzer by Beckman In
struction Co.

AMINO ACID SUPPLEMENTATION TRIAL

This three week feeding trial was conducted to determine if the
protein quality of Candida sp. (Bipro yeast) could be improved by the
addition of methionine, arginine or a combination of both-

Another

objective was to determine if any toxicity exists in Bipro yeast when
fed at a high (50 percent) level of the diet.
One hundred twenty-six Pilch x Indian River day old chicks were
received on March 13, 1972.

Twenty-one groups of six chicks each were

banded, weighed individually and placed in electrically heated battery
brooders.

Water and feed were supplied ad libitum. Seven treatments

were assigned at random to the twenty-one groups of chicks.

Therefore,

there were three observations of six chirks each per treatment.

Ration composition for the basal diet appears in Table VII. Bipro
yeast used in this experiment was the same used in the metabolizable
energy and amino acid digestibility trials.

The proximate analysis appearing

in Table IV shows a crude protein content of 53.5 percent.

Its true pro

tein content was approximately 43 percent as determined by amino acid
analysis.

The basal diet in this experiment was balanced to contain

21.5 percent true protein (26.8% crude protein) and a metabolizable
energy value of approximately 3064 Kcal per kg.

Ration treatments A

to F were accomplished by adding to the basal diet the amino acids shown
in Table VIII and thereafter these diets were pelleted into 6.3 mm.
pellets.
In order to compare the performance of the chicks on ration treat
ment A to F to optimum growth, a farm starter ration was included in
this trial and assigned treatment G.
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TABLE VII
Composition of Diet Used in the Amino Acid
Supplementation Trial

Ingredients, g

Basal
Diet
32.4

Corn starch

6.0

Corn oil

50.0

Bipro yeast (53.5% Prot.)
Solka floe (wood cellulose)

3.1

Oyster shell flour

3.2

Mineral mix

2.7

Kaolin

2.0

Vitamin mix, P^/

.25

Choline chloride

.35
100.00

2/

See Table 1 for ingredients and amounts in Vitamin mix, P

1/

Mineral mix

Ingredients
KHC03
Dextrose
MgO
FeS04 .7H20
MnS04
ZnC03
CuS04 .5H20
NaMo04 .2H 2O
KIO3
Na 2Se03

Mg. per kg.

of diet

15,345
9,499
1,159
529
225
203
36
1.9
1.8
0.9
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TABLE VIII
Percent Amino Acids Added to the Diet in
Amino Acid Supplementation Trial

Treatment

DL-Methionine

L-Arginine

Glycine

A

0

0

0.20

B

0

0.40

0.20

C

0.15

0.40

0.20

D

0.30

0.40

0.20

E

0.30

0.20

0.20

F

0.30

0

0.20

RESULTS AND DISCUSSION
PRELIMINARY TRIALS
Trial 1

The objective of this feeding trial was to study the performance
and net protein utilization of day old chicks fed soybean protein,
Cellulomonas, or Pseudomonas as the only source of protein in a semi
purified diet.
Results during the one week feeding trial are presented in Table IX.
No analysis of variance was conducted because of lack of sufficient
single cell proteins to feed more than one pen within treatments.
Mortality rates were unaffected by the use of Cellulomonas or Pseudo
monas.

Yang and McKnight (1970) in a ten day feeding trial using

albino rats reported that Cellulomonas was not toxic when fed at the 80
percent level.

Yang (1968) found 90 percent death losses when levels

of 40 percent Pseudomonas No. 5401 were fed for ten days to weanling
rats.

The group of chicks receiving soybean protein (Treatment A)

were heavier than those on Treatments B and C.

Average feed consumption

per chick was higher in treatments B and C as compared to those on
Treatment A.

This resulted in very poor feed conversion for those

chicks consuming single cell proteins.

The poor performance by chicks

fed single cell proteins may be due to the poor relative usefulness
of the single cell proteins in meeting the chicks protein need.
This supposition is supported by the fact that both chicks receiving
B and C had similar average net protein utilization values which
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TABLE IX
Performance of Broilers Receiving Single-cell Protein with
and without added grit (Dec. 1 - Dec. 8 , 1968)

TREATMENT

SOYBEAN PROTEIN
No
Av.
Grit
Grit

B
CELLULOMONA MEAL
Av.
Grit
No
Grit

PSEUDOMONA MEAL
No
Av.
Grit
Grit

Initial No. of chicks

5

5

10

5

5

10

5

5

10

% Mortality

-

20

10

-

-

-

-

-

NITROGEN-FREE
Av.
NO
Grit
Grit
5

5

10

-

20

-

10

Av. final weight, gm.

98.9

87.5

93.8

60.4

58.7

59.5

53.9

59.3

56.6

38.5

38.1

38.3

Av. weight gain, gm.

53.5

42.5

48.6

15.0

13.3

14.2

8.5

13.9

11.2

-6.5

-7.3

-6.9

Av. feed consumed, gms.

73.8

52.5

64.3

84.4

70.9

77.7

69.0

73.8

71.4

31.2

25.2

27.9

—

—

—

—

—

—

1.38

1.24

1.32

5.63

5.33

5.49

8.12

5.31

6.38

% Net protein utilization,/^ 61.19

73.35

65.60

14.09

19.09

16.37

10.87

21.56

16.40

Feed conversion/^

*/gm. feed per gm. of gain
^Net protein utilization**= Net Nitrogen gain (mg)*--- ^ ^00
Total Nitrogen intake (mg)
* Net Nitrogen gain (mg) = Total body nitrogen of experimental group - Total body nitrogen of
nitrogen-free group.
** Apparent, not corrected for endogenous nitrogen.
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were approximately 51 percent lower than that of chicks receiving the
soybean ration.

Mitsuda £t al. (1967) in a rat experiment found a pro

tein digestibility of 64.6 percent for torula yeast, and 95.6 percent
for the cytoplasmic contents of torula yeast (Protein isolate) and a
net protein utilization of 23.6 and 45.3 percent respectively.

This

report indicates that proteins from cytoplasmic contents of torula yeast
are more digestible than cell wall contents.

Furthermore Tannenbaum and

Miller (1967) in a two week metabolism study using weanling rats showed
that breaking the cell wall of Bacillus megasterium by homogenization
caused a highly significant increase in protein digestibility, net protein
utilization and total body fat when compared to unbroken cells.

This

study implies that the tough cell wall is relatively undigestible and
prevents the more digestible cytoplasmic contents from being available
for digestion.
Chicks receiving free access to grit or no grit showed an inconsis
tent performance.
utilization.

However, addition of grit did not improve net protein

In other words, grit in the gizzard did not aid in breaking

the cell wall of either Cellulomonas or Pseudomonas.

Trial 2
The purpose of this study was to determine if insonation at dif
ferent concentration or times had any effect on improving the digesti
bility of Pseudomonas No. 5401.
The efficiency of increasing the solubility of protein, presumably
by disrupting the cell membrane and releasing the cytoplasmic consti
tuents, was determined by the percentage of the total nitrogen which
was soluble in 0.02 N NaOH by the method of Lyman £t_ al. (1953).

Salton
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(1964) indicated that most cytoplasmic contents of bacteria were alkali
soluble, while the cell wall was alkali resistant.

This chemical deter

mination was made because of a lack of sufficient Pseudomonas meal to
conduct a chick feeding trial and also because this method is simple
and economical.
The efficiency of disrupting Pseudomonas cells by different insona
tion times in 10% (dry weight of cells per unit volume) suspension is
presented in Table X.

Increasing the time of insonation from 0 to 25

minutes at 10 percent cell suspension resulted in a very small increase
in percent nitrogen solubility.

Samples containing the 20 and 30 percent

cell suspensions were very thick and during insonation very poor circu
lation of the cells occurred through the area of maximum insonation
effectiveness.

Also heating of these samples was observed.

Consequently

the percent nitrogen solubility was not calculated for the higher percent
cell suspension.
It seems from these results that insonation was not effective in
disrupting the cell wall.

This may have been either because the cell

walls were too hard or due to denaturization of the bacteria during the
drum drying process which the samples had previously been subjected to.

Trial 3
This trial was conducted to determine if insonation, autoclaving
or a combination of both could improve the nitrogen solubility of
Cellulomonas.
Cellulomonas samples were resuspended in water to a final concen
tration of 10 percent (dry weight per unit volume). The samples that
were assigned to insonation were sonified for five minutes and those
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TABLE X
Average Percent Nitrogen Solubility of
Pseudomona Cells Insonated for
Different Times in 10% Cell Suspension

Sample_______
g./lOO ml
Min.

1/

Av. % N. Solubility^-/

10

0

15.56

10

5

16.97

10

10

--

10

15

16.95

10

20

17.00

10

25

17.74

Are in duplicates
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assigned to autoclaving were steam cooked for one hour at 135°C (2.11
Kg/cm^)#

Results of this study are presented in Table XI and the analysis
of variance is shown in Table XII.

There was a 13 percent improvement

in nitrogen solubility when Cellulomonas were insonated and this was
statistically significant.

Autoclaving of Cellulomonas caused a 25

percent reduction in nitrogen solubility which was highly significant.
Also a similar significant reduction was observed when insonated samples
were autoclaved.

This reduction in nitrogen solubility of the insonated

samples due to autoclaving may have been due to a change in the chemical
structure of the soluble proteins.

One possible explanation is that a

browning reaction could have occurred.

Trial 4
The objective of this feeding trial was to determine if homogeni
zation and autoclaving of Pseudomonas No. 5401 has any effect in im
proving growth and feed conversion in chicks.
Results during the one week feeding trial are presented in Table XIII
and the statistical analysis, on final weights is shown in Table XIV.
Chicks fed soybean protein as the only source of protein, gained at a
highly significantly faster rate than those fed treated and untreated
Pseudomonas.

It appears that improvement in weight gains resulted from

homogenizing Pseudomonas and a further increase was obtained by the
homogenizing and autoclaving procedures.
were not statistically significant.

However, these differences

This trend of improving the quality

of single cell proteins by homogenization and autoclaving has been
reported by Tannenbaum and Miller (1967).
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TABLE XI
Average Percent Nitrogen Solubility of
Cellulomonas when Insonated, Autoclaved
or Combination of Both
Preliminary Trial 3

AUTOCLAVED
I
N
S
0
N
A
T
1

+

-

32.48

24.26

+

37.16

24.26

0

N

TABLE XII
Analysis of Variance for Nitrogen
Solubility of Cellulomonas
Preliminary Trial 3

DEGREES
OF
MEAN
SOURCE_________________________ FREEDOM________ SQUARE__________ F
Total

11

Insonation

1

16.4502

7.07*

Autoclaving

1

334.2241

143.62**

Insonation X Autoclaving

1

16.4502

Error

8

2.3271

*

Significant at the 0.05 level of probability.

**

Significant at the 0.01 level of probability.

7.07*

TABLE XIII
Performance of Chicks Receiving Pseudomonas, Homogenized Pseudomonas
and Homogenized-Autoclaved Pseudomonas during a one Week Trial

TREATMENT
Source of
Protein

Number of chicks

A
Soybean
Protein

10

B
Pseudomonas

C
Homogenized
Pseudomonas

D
Homogenized
Autoclaved
Pseudomonas

10

10

10

Av. final weight, gms.

134.4

57.1

59.3

62.7

Av. weight gain, gms.

89.2

11.9

14.1

17.5

130.8

63.5

77.4

82.0

Av. feed consumed, gms.
Feed conversion^-/

1/

1.47

5.34

5.49

4.69

an. feed per gm. of gain

ft
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TABLE XIV
Analysis of Variance for Final
Weights of Preliminary Trial 3

SOURCE

DEGREES
OF
FREEDOM

Total

39

MEAN
SQUARE

F

0.01

Replication

1

1.22

Treatment

3

14,003.29

86.93**
259.80**

A vs. B, C S D

1

41,850.68

B vs. C S D

1

101.40

0.63

C vs. D

1

57.80

0.01

Experimental Error
Sampling Error

3
32

368.761
141.63

**

Significant at the 0.01 level of probability.

^

Experimental and sampling errors were pooled.
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extraction from gas oil and contained 68 to 70% crude protein.

The

metabolizable energy value of Bipro yeast is very similar to that reported
for Anchovetta, Pilchard and Whitefish meals.

The metabolizable energy

value for L.S.U., single cell protein of 2072 kcal per kg. lies between
the values reported for cottonseed meal and soybean meal (44 percent
crude protein). No mortality occurred during the two weeks of the test
period when 40 percent single cell proteins were substituted in the diet.
However, loose droppings were noticed from both these test proteins.

AMINO ACID DIGESTIBILITY TRIAL

The purpose of this experiment was to determine the availability of
the individual amino acids from Gulf "Bipro" yeast and L.S.U. single
cell protein in four week old chicks The materials, procedure and calculations were conducted according
to Bragg et al. (1969) with slight modifications which are explained in
the experimental procedure of this trial.

This technique involves mea

suring total feed consumed and total excreta from a test diet during a
specified time.

Afterwards the non protein diet was fed for the same

time and excreta collected and measured.

Thus one can calculate the actual

disappearance of the amino acids from the gut.

Bragg et al. (1969)

in comparing the above method with normal chicks to that of using sur
gically modified chicks found a greater amino acid excretion from the
gut of the latter and amino acid digestibility values greater than 100%.
Therefore they concluded that the above method was simpler and more
accurate than the one using surgically modified birds.
Each test diet was assigned at random to eight birds.

However

complete information was only obtained from five birds fed L.S.U. single
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cell protein and seven birds fed Gulf "Bipro” yeast.

Three birds re

fused to eat, of which two were from the L.S.U. single cell protein and
one from the Bipro yeast.

The other bird lost from L.S.U. single cell

group was because of incomplete fecal collection from the test diet.
The individual amino acid content (micro gram per mg.) was deter
mined for the test protein, excreta from test protein and excreta from
the non-protein diet for each individual chick.

The values were then

multiplied by the milligrams of test feed consumed, total excreta from
test protein and total excreta from the non protein diet.

To obtain the

percent availability of the individual amino acids, the above values
were substituted in the following formula which is described by Bragg
et al. (1969).
Percent amino acid availability =
Total A.A. consumed-(Total A.A. test excreta-Total A.A. non-protein
________________________ excreta) x 100___________________________
Total A. A. consumed
Results of this digestibility trial are shown in Table XV.

The average

percent amino acid digestibility for Gulf "Bipro" yeast is 95.5 with a
coefficient of variation of 1.18 percent.

This overall percent avail

ability of Bipro is much higher than those reported by Farr (1965) for
soybean meal and cottonseed meal.
Bipro yeast is glycine.

The least available amino acid in

This observation also appears in other availa

bility studies conducted by Payne et al. (1971) with fish meal, Stephen
son et al. (1971) with sorghum and Farr (1965) with soybean meal.
Valine was the least available amino acid in L.S.U. single cell protein.
The total amino acid availability of the L.S.U. single cell protein is
79.13 percent with a coefficient of variation of 5.38 percent.

Tn order

to determine what amino acid deficiencies might occur when Gulf "Hi pro"
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TABLE XV
Amino Acid Content and Availability of
Gulf "Bipro" Yeast and L.S.U. Single Cell Protein

GULF "BIPRO" YEAST
Availability
%
%1
S.E.

L. S. U.
SINGLE CELL PROTEIN
Availability
%
%2
S.E.

Lysine

3.53

94.72

0.93

2.34

78.78

1.50

Histidine

0.84

96.42

0.65

0.65

80.17

1.16

Arginine

1.99

97.47

0.60

1.99

85.08

1.19

Aspartic Acid

4.68

96.07

0.62

3.21

82.30

1.92

Threonine

2.73

91.52

1.00

1.87

81.51

2.34

Serine

2.57

93.97

0.66

1.38

79.51

2.81

Glutamic Acid

6.73

96.44

0.40

5.84

77.633

2.51

Proline

1.87

95.91

0.61

1.33

81.60

1.92

Glycine

1.98

89.83

1.12

1.83

69.90

2.97

Alanine

3.09

96. 51

0.35

3.46

78.52

1.92

Valine

2.52

96.23

0.48

0.89

67.013

4.28

Methionine

0.41

96.41

0.57

0.54

74.42

3.20

Isoleucine

2.05

95.83

0.49

1.35

81.03

1.79

Leucine

3.68

96.92

0.31

2.74

83.43

2.33

Tyrosine

1.30

96.76

0.41

0.73

79.29

2.20

Phenylalanine

2.06

96.85

0.34

1.28

80.30

1.91

Total Amino Acids^

42.03

95.50

0.42

31.43

79.13

1.90

Crude Protein^

53.50

1/
2/
3/
4/
5/

50.30

An average of seven birds
An average of five birds
An average of four birds
Excluding tryptophan and cystine
Kjeldahl procedure
<

so
yeast or L.S.U. single cell protein was used as the protein source in
chick diets, a 23 percent crude protein semipurified diet was formulated.
The available essential amino acids in such a diet appear in Table XVI.
These calculations indicate that Gulf "Bipro" yeast is deficient in the
essential amino acids methionine, arginine, glycine, histidine and
tyrosine when used to supply all the protein in a chick diet, and the
diet is balanced using crude protein values.
of leucine and isoleucine are indicated.

Oniv borderline deficiencies

L.S.U. single cell protein

when balanced according to its crude protein content proved to be de
ficient in all of the essential amino acids.

This deficiency was ob

served as a result of the diets being balanced to meet only the chicks
crude protein requirement.

If one observes the total amino acid content

of Bipro and L.S.U. single cell protein and

compares it to its crude

protein content (Table IV), it is apparent that Gulf yeast and L.S.U.
single cell protein contain a great amount of non protein nitrogen.
Consequently it seems that true protein content should be used in cal
culating the chicks protein requirement when using these single cell
proteins.

This result indicates that Ringrose (1949) was correct in

stating that true protein and not crude protein should be used for torula yeast in balancing diets for chicks.

In practice, use of amino

acid values as well as crude protein valuesin formulating

rations would

appear to take care of this problem.

AMINO ACID SUPPLEMENTATION TRIAL

The purpose of this three week feeding trial was to determine the
effect of supplementing Gulf "Bipro" yeast with methionine, arginine or
a combination of both.

Another objective was to determine if any toxicity
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TABLE XVI
Available Essential Amino Acid Content of Semipurified Diets
Containing 23 Percent Crude Protein when Gulf "Bipro"
Yeast or L.S.U. Single Cell Protein are Included
as the only Source of Protein

Amino Acids

AVAIL.
BIPRO2
A.A.
IN
IN
BIPRO
DIET
%
%

AVAIL.
A.A.
DEFI L.S.U.
CIENCY SCP
%

L.S.U.2
S.C.P.
IN
DIET
%

REQUIRED3
DEFI PRACTICAL
CIENCY LEVELS
%

Lysine

3.34

1.44

-

1.84

0.85

+

1.16

Histidine

0.81

0.35

+

.52

0.24

+

0.47

Arginine

1.94

0.83

+

1.69

0.77

+

1.16

Threonine 1

2.50

1.08

-

1.52

0.70

+

0.82

Glycine

1.78

0.77

+

1.28

0.59

+

1.00

Valine

2.42

1.04

-

0.60

0.28

+

1.00

Methionine

0.40

0.17
•

+

0.40

0.18

+

0.47

Cystine

0.491

0.21

+

Isoleucine

1.96

0.84

+

1.09

0.50

+

0.87

Leucine

3.57

1.54

+

2.29

1.05

+

1.63

Tyrosine

1.26

0.54

+

0.58

0.27

+

0.70

Phenylalanine

2.00

0.86

-

1.03

0.47

+

0.82

Tryptophan

0.621

0.27

-

—

—

—

—

0.35

0.23

1/

Values for Cystine and Tryptophan obtained from Amino Acid profile
of Gulf "Bipro" yeast (Lot 7-29-OA) and assuming a 95.50% Amino
Acid availability.

2/

For crude protein content of Bipro Yeast and L.S.U. single cell
protein see Table IV. Bipro diet calculated to contain 43% Gulf
Yeast and S.C.P. diet to contain 46% L.S.U. single cell protein.

3/

Values obtained from Scott et al. (1969)
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exists in Bipro yeast when fed at a high (50 percent) level of the diet.
A basal diet with Bipro yeast was prepared and calculated to contain
26.8 percent crude protein (21.5 percent true protein).
added to the diet at 0.2 percent.

Glycine was

This level was calculated to overcome

any glycine deficiency present, so that the only deficient amino acids
would be methionine and arginine.

Thereafter, the basal diet was divi

ded into six batches and assigned to Treatment A to F.
supplemented as follows:

These diets were

A, 0% methionine, 0% arginine; B, 0% methionine,

0.4% arginine; C, 0.15% methionine, 0.4% arginine; D, 0.3% methionine,
0.4% arginine; E, 0.3% methionine, 0.2% arginine; F, 0.3% methionine,
0% arginine.

All diets above were pelleted before feeding in order

to reduce the bulkiness of the diet.

The levels of amino acids added

in this experiment were calculated from the deficiencies observed from
the amino acid availability of one chick from the previous experiment.
As a control, a farm starter diet was included and assigned Treatment G.
During the first days of the experiment many of the chicks receiving
Gulf yeast diets had pasty vents, and the excreta after drying appeared
as hard as glue.
studied.

Reasons for these symptoms are unknown and need to be

One probable cause could have been due to chilling of the

chick, because after a week and a half these symptoms disappeared.

Due

to pasty vents, chicks had to be handled every day in order to remove
dried excreta from the vents.

This very probably added a source of

variation which could have affected treatment gains of the chicks.

High

content of uric acid was observed in all the lots of chicks receiving
Gulf "Bipro" yeast when compared to those receiving the farm starter
rations.
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Results during the three week feeding trial are presented in Table
XVII.

A statistical analysis of gains is shown in Table XVIII and

significant differences among average weight gains according to the
Duncan's new multiple-range test are shown by superscript in Table XVII.
Chicks

receiving the farm starter ration gained at a significantly faster

rate than chicks receiving Gulf "Bipro" yeast diets.

The addition of

only arginine to the diet (Treatment B) caused a significant depression
in the growth and the poorest feed conversion when compared to the other
treatments.

This depression may have been due to an amino acid imbalance

caused by not supplying the most limiting amino acid which seems to have
been methionine.

This can be noticed when one compares the addition of

only methionine (Treatment F) with arginine (Treatment B). Growth rate
and feed consumption were improved by adding methionine alone.

The

addition of 0.4 percent arginine in the presence of methionine (Treat
ment F versus D) improved growth, feed consumption and feed conversion
but this difference was not significant.

This observation seems to agree

with that of Gitler et al. (1958) who reported that growth on torula,
alkali extracted torula, or brewers' yeast was improved by supplements
of methionine and arginine.

Death loses and stunted chicks were observed

in chicks receiving Gulf "Bipro" yeast.

Chicks before dying showed poor

gait and in later stages could not walk.
At the end of the experiment six chicks from one lot each in Treat
ment A, D and G were sacrificed and blood samples were obtained by
heart puncture from individual chicks to study blood uric acid.

Blood

samples were sent to the W. E. Anderson diagnostic laboratory operated
by the Louisiana Department of Agriculture in Baton Rouge.

Results of

the effect of amino acid supplementation of Gulf "Bipro" yeast on blood

TABLE XVII
The Effect of Amino Acid Supplementation on the Protein Quality
of Gulf "Bipro" Yeast during a Three Week Trial

TREATMENT1

Initial no. of chicks
% Mortality

A

B

C

18

18

18

0

0

11

D

E

F

G

18

18

18

18

5

22

11

0

Av. final weight, gms.

182.3

158.7

184.8

220.4

183.7

198.1

411..2

Av. weight gain, gms.2

144.6ab

122 .2a

144.7ab

181.53b

154.1313

160.4^

374..3C

Av. feed consumed, gms.

386.2

351.0

374.3

441.0

359.0

400.0

639..0

Feed Conversion

1/

2/

2.67

2.87

2.59

2.43

2.33

2.50

1 .,71

Composition of diet used in the Amino Acid supplementation trial appears in Table VIII. The percent
Amino Acids added to the diet is as follows: Treatment A, 0.2 glycine; Treatment B, 0.4 L-Arginine
and 0.2 glycine; Treatment C, 0.15 DL-Methionine, 0.4 L-Arginine and 0.2 glycine; Treatment D, 0.3
DL-Methionine, 0.4 L-Arginine and 0.2 glycine; Treatment E, 0.3 DL-Methionine, 0.2 L-Arginine and
0.2 glycine; Treatment F, 0.3 DL-Methionine and 0.2 glycine; Treatment G, a farm starter ration.
Means not having the same letter superscript are significantly different at the 5 percent level.

in
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TABLE XVIII
Analysis of Variance for Gains in the Amino
Acid Supplementation Trial

SOURCE

DEGREES
OF
FREEDOM

Total

116

MEAN
SQUARE

6

132414

Pen within treatments

14

2847

Error

96

1319

Treatments

*
**

Significant at the 0.05 level of probability.
Significant at the 0.01 level of probability.

46.5**
2 .2*
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serum uric acid appear in Table XIX and the analysis of variance, is
shown in Table XX.

No significant differences were found between the

uric acid content of chicks fed the farm starter and those fed Gulf "Bipro"
yeast.

Chicks fed the Gulf "Bipro" yeast with no added methionine and

arginine (Treatment A) had a significantly higher blood uric acid than
chicks supplemented with both amino acids (Treatment D).

This result

seems to indicate that the amino acid pattern of the diet (Treatment A)
was unbalanced and that those amino acids in excess were catabolized
to form excess uric acid in the blood.
Post mortem examination of the eighteen chicks was performed by
Dr. Springer from the Veterinarian Science Department.

Results showed

no visible gross pathological lesions of the above birds.

However post

mortem examination of two stunted chicks showed light gray streaks in
the pectoral muscle.

Histological examination of tissues from the

pectoral muscle showed separation of muscle bundles and separation of
muscle fibers.
nuclei.

Fibroplasia was observed leaving only masses of cell

This symptom indicates that some deaths were due to muscular

dystrophy caused by a deficiency of Vitamin E and/or selenium.

This

symptom of deficiency has been noticed in torula yeast (Candida utilis)
which is a product similar to Gulf "Bipro" yeast (Candida sp.).
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TABLE XIX
Effect of Amino Acid Supplementation of Gulf "Bipro"
Yeast on Blood Serum Uric Acid

AV .1 URIC ACID
mg./lOO ml.

TREATMENT

G

7.6

A

•

CO

D

11.6

1/ An average obtained from six chicks per treatment at 3 weeks of age.

TABLE XX
Analysis of Variance for Blood Uric Acid Levels
in the Amino Acid Supplementation Trial

SOURCE

DEGREES
OF
FREEDOM

Total

17

Treatments

2

MEAN
SQUARE

F

27.29

4.16*

G vs. D and A

1

22.88

3.49

D vs. A

1

31.69

4.83*

Error

15

♦Significant at the 0.05 level of probability.

6.56

SUMMARY

Eight experiments were conducted to evaluate the protein quality
of Pseudomonas No. 5401, Cellulomonas sp., Cellulomonas sp.-Alcaligenes
fecalis and Gulf "Bipro" yeast (Candida sp.).

Another objective was to

determine the metabolizable energy value of Bipro yeast and Cellulomonas
sp.-Alcaligenes fecalis when fed to chicks.
Mortality rates were unaffected by the use of Cellulomonas or Pseu
domonas but loose droppings were obtained.

Overall performance of chicks

fed Cellulomonas or Pseudomonas was very poor when compared to chicks
fed soybean protein.

The poor performance of the chicks receiving single

cell protein was probably due to the poor net protein utilization.

Re

sults showed that addition of grit did not improve net protein utiliza
tion.
Chicks fed soybean protein grew at a more rapid rate than chicks
fed Pseudomonas protein.

Some improvement in weight gains and feed

conversion was observed by homogenizing and autoclaving pseudomonas
when compared to untreated Pseudomonas.

Chicks fed Pseudomonas meal

showed loose droppings during the one week trial but no mortalities
occurred.
Increasing the time of insonation from 0 to 25 minutes for Pseudo
monas showed a very small increase in percent nitrogen solubility.
There was a significant improvement in nitrogen solubility when
Cellulomonas was insonated.

Autoclaving caused a highly significant

reduction in nitrogen solubility.
Metabolizable energy trials showed a metabolizable energy of 2,664
kcal per kg. for Bipro yeast which had a proximate analysis of 53.5%
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crude protein, 4.4% fat, 6.9% fiber, 5.6% moisture, 12.3% ash and 17.3%
NFE.

The metabolizable energy value for L.S.U. single cell protein was

2.072 kcal per kg.

This protein had 50.3% crude protein, 8.0% fat, 1.8%

fiber, 7.4% moisture, 14.2% ash and 18.3% NFE.
The amino acid digestibility trial indicated the average percent
amino acid digestibility for Bipro yeast was 95.5 with a coefficient of
variation of 1.8 percent.

The most available amino acid was arginine

with a value of 97.47± 0.6 percent and least available amino acid glycine
with a value of 89.83± 1.12 percent.

The available amino acid pattern

showed that Gulf yeast is deficient in the essential amino acids methionine,
arginine, glycine, histidine and tyrosine if used as the only source of
protein.

The total amino acid availability of L.S.U. single cell protein

was 79.13 percent with a coefficient of variation of 5.38 percent.

The

most available amino acid was arginine with a value of 85.08+ 1.19 per
cent and the least available valine with a value of 67.01± 4.28 percent.
A comparison of the crude protein and amino acid analysis indicated that
both proteins contained large amounts of non protein nitrogen.
The amino acid supplementation trial showed chicks receiving a farm
starter ration gained at a significantly faster rate than chicks receiving
"Bipro" yeast diets.

The addition of 0.4 percent arginine alone caused

a significant reduction in growth rate, whereas, the addition of both
0.3 percent methionine and 0.4 percent arginine gave an increase in
growth rate, improved feed conversion and lowered significantly blood
uric acid levels.

Pasty vents were noticed during the first week of

the trial but later this problem disappeared.

Post mortem and histolo

gical examination of stunted chicks showed symptoms of muscular dystrophy.
Consequently Bipro yoast seems to bo deficient in either Vitamin K or
selenium.

CONCLUSIONS

The results obtained from eight trials indicate the following
conclusions.
1.

Pseudomonas No. 5401, Cellulomonas sp., Cellulomonas sp.Alcaligenes fecalis and Candida sp. (Gulf "Bipro" Yeast) when
fed to chicks as the only source of protein in semipurified
diets did not support growth equivalent to that of chicks on
soybean protein.

2. Loose droppings was a typical symptom of these single cell
proteins when fed as the only source of protein.
3. Poor performance by chicks fed Pseudomonas and Cellulomonas
was probably due to the poor net protein utilization of these
materials.
4. There was some improvement in nitrogen solubility when Cellu
lomonas was insonated, and a reduction when autoclaved.
5. The metabolizable energy for Gulf "Bipro" yeast is 2,664 kcal
per kg. (1209 kcal/lb.) and for L.S.U. single cell protein
(Cellulomonas sp-Alcaligenes fecalis), 2,072 kcal per kg.
(941 kcal per lb.) .
6 . The average percent amino acid availability for Gulf Yeast is

95.5t 0.42 and for L.S.U. single cell protein 79.13 ± 1.90.
The most available amino acid for Gulf "Bipro" yeast was
arginine and the least available glycine.
7. Comparasion of the crude protein and amino acid analyses in
dicated that both proteins contained large amounts of non
protein nitrogen.

Consequently diets must be balanced according
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to the total amino acid or true protein content.
8.

The most limiting amino acids for Gulf "Bipro" yeast are methio
nine, glycine and arginine with borderline deficiencies of
histidine and tyrosine.

9.

Addition of methionine and arginine in the presence of added
glycine, to diets containing "Bipro" yeast improved gains,
feed consumption, and feed conversion.

The addition of only

arginine to diets containing "Bipro" yeast in the presence of
added glycine caused an imbalance which was partially balanced
by adding methionine.
10.

Addition of methionine and arginine to a "Bipro" diet containing
glycine caused a significant lowering of blood serum uric acid.
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APPENDIX 1
Metabolizable Energy of Bipro Yeast

DIET

EXCRETA

Nitrogen, grams/gram

0.0287

0.0806

Chromium, milligrams/gram

3.254

18.585

Gross energy, kilocalories/gram

3.807

2.895

Nitrogen, grams/gram

0.0661

0.1040

Chromium, milligrams/gram

3.253

7.602

Gross energy, kilocalories/gram

4.413

3.379

Basal diet values

Bipro diet values

Basal diet
Excreta energy/gram diet = 2.895 x ■3_»254 = 0.5069 kilocalories
18.585
Nitrogen retained/gram diet = 0.0287 - 0.0806 x
= 0.0146
18.585
Nitrogen correction = 0.0146 x 8.22 = 0.12 kilocalories/gram
^

M.E. of basal diet = 3.807 - (0.5069 + 0.1200) = 3.1801

Bipro diet values
Excreta energy/gram diet = 3.379 x

7.602

Nitrogen retained/gram diet = 0.0661 -

= 1.4459 kilocalories
3 283

0.1040 x — ---7.602
-

= 0.0216

Nitrogen correction = 0.0216 x 8.22 = 0,1776 kilocalories/gram
M.E. of Bipro diet = 4.413 - (1.4459 + 0.1776) = 2.7895
M.E. of Bipro yeast = 3.64 - j_*jjjQj-.
2.7895 _ 2.664 kilocalories/gram
0.40
= 2.664 x 454 = 1209 kilocalories/pound
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APPENDIX II
Metabolizable Energy of Cellulomonas-Alcaligenes

DIET

EXCRETA

Nitrogen, grams/gram

0.0367

0.1026

Chromium, milligrams/gram

3.527

14.805

Gross energy, kilocalories/gram

3.744

3.101

Nitrogen, grams/gram

0.0682

0.0979

Chromium, milligrams/gram

3.170

6.159

Gross energy, kilocalories/gram

4.434

3.888

Basal diet values

Cellulomonas-Alcaligenes diet values

Basal diet values
Excreta energy/gram diet = 3.101 x

3.527 = 0.7388 kilocalories
14.805
Nitrogen retaines/gram = 0.0367 - 0.1026 x .?•
= 0.0123
14.805
Nitrogen correction = 0.0123 x 8.22 = 0.1011 kilocalories/gram
M.E. of basal diet = 3.744 - (0.7388 + 0.1011)= 2.9041

Cellulomonas-Alcaligenes diet values
Excreta energy/gram = 3.888 x

= 2.0011 kilocalories

Nitrogen retained/gram = 0.0682 -

0.0979 x ■-* P = 0.0178
6.159
Nitrogen correction = 0.0178 x 8.22 = 0.1463 kilocalories/gram
M.E. of Cellulomonas-Alcaligenes diet = 4.434 - (2.0011 = 0.1463) = 2.2767
M.E. of Cellulomonas-Alcaligenes =
*
=
=
=

3.64 -

~ 2,2^.6Z
0.40
2.0715 kilocalories/gram
2.0715 x 454
940.46 kilocalories/pound
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